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Expert ental  Evaluation  of  Now  Laboratory  Methods  for  the  Study  of  Virus  of 
Poliomyelitis  VJith  the  Aid  of  Tissue  Cultures,  by  V,  I.  Zhevandrova  (Institute 
of  Study  of  Poliomyelitis,  A.;3,  USSR.  Moscow) 

During  the  past  5  veers  preat  achievements  in  the  development  of  methods  of 
ltoor-'torv  study  of  the  virus  of  coliomyelitis  have  been  attained.  Thanks  to  th 
aopliention  of  tissue  cultures  it  was  nossible  to  isolate  the  virus  from  infect¬ 
ious  material  «nd  identify  it  in  cultures  with  specific  serums,  determine  the 
level  of  antibodies  in  the  serums,  obtain  prert  quantities  of  the  virus  for  the 
production  of  diagnostic  antigens  and  prophylactic  vaccines,  study  the  binchenica 
activity  of  the  virus  end  the  action  of  various  chemical  substances  on  it  in  orde 
to  obtain  now  medicinal  properties. 

Irrepardless  of  these  achievements,  to  the  nresent  time  then''  is  still  not 
a  sufficiently  simle  method  of  cultivating  the  ooliomyelitis  virus  in  vitro, 
although  the  number  of  suggested  methods  almost  equal  the  number  of  researchers 
working  in  this  field. 

This  report  contains  the  results  of  our  te^ts  on  the  cultivation,  r f  th.  viru 
in  cultures  of  surviving  tissues  in  Karrel  vessels  and  in  cultures  of  actively 
crowing  tissues  in  revolving  test  tubes  according  to  Enders. 

Besides  this,  we  reviewed  the  possibility  of  cultivating  the  types  II  -nd 
;V  virus  of  poliomyelitis  in  Erlich's  acetic  carcinoma  in  white  nice  according 
tr  the  method  suggested  by  A.  I.  Ivanenko  (Strain  types  I  and  III  a-e  patbo^erie 
only  for  monkeys,  strain  type  II  for  monkeys,  cotton  rats  nr/*  m^own  white  mim, 
strain  .B  ( tyae  rv)  is  pathogenic  for  monkeys,  cotton  rats  and  sucklings  or 


The  original  mate-lal  for  the  infection  of  the  culture  was  the  b-e-’n  nr* 
spinal  cord  substances  of  infected  animals  in  z.  1C56  suspension  or  a  develooed 
?0$  susoension  of  excrement  of  natients.  Into  each  tissue  cult-ore  was  out  0.1  ml 
of  virus  containing  material.  The  fecal  susoension  ws  centrifuge-’  1  v-nr  at 
4000  ron  before  introduction  end  also  1000-2000  units  of  penicillin  and  2‘i0-5r,0 
units  of  streptomycin  were  added  to  1  nl  of  the  settlinr  fluid.  Preserco  of 
the  virus  in  the  cultures  rs  determined  b y  infection  of  susceptible  animals 
and  also  by  the  presence  of  specific  degenerative  variations  in  the  cells  of  the 
tissue. 

The  reaction  of  neutralization  of  the  virus  in  the  cultures  was  done  r* 
fellows:  typosnecific  immune  serums  in  dilutions  1:10  were  mixed  with  eoual 
volumes  of  dilutions  of  1:10  or  whole  cultural  virus  fluid.  The  resultin'* 
mixture  was  held  for  30  minutes  to  1  hour  at  room  temperature  and  w-s  added  to 
test  tubes  with  cultures  of if ibroblasts  at  0.2  ml.  Serums  without  virus  or 
viruses  without  serum  were  added  to  the  control  cultures.  Alee,  several  unwsrked 
tissue  controls  were  ..eft. 

Preparation  of  Cultures  of  the  Surviving  Tissues.  Brain  or  skin  - rd  morel •- 
tissues  cf  a  3-5  month  human  embryo  were  pseptically  cut  w-th  scisse-p  irto 
pieces  with  a  diameter  of  1-2  mm.,  were  washed  of  tissue  fluid  and  blood  with  a 
salt,  solution  and  2  drops  of  the  tissue  pulp  were  put  into  the  Karrel  vessels. 

The  suspension  of  virus  was  poured  directly  on  the  tissue  and  hold  10-',c  minutes 
at  room  temperature  a"ter  which  2  ml  of  a  nutritive  fluid  was  added  to  the  'm-f.'- 
(3  parts  balanced  salt  solution  of  Hanks  and  1  part  of  beef  or  sheep  serum  -v'-'er. 
had  been  run  through  tho  Zeitsa  disk;  penicillin  100-15'")  units  to  1  m"!  -r~ 
stop-  tomycin  at  1000  Y  or  more  per  1  ml).  The  fluid  phase  of  the  medium  m-s 


2 


removed  r  'ter  3-5  days  and  replaced  with  a  nutritive  fluid  of  the  said  ccn- 
aister.ee.  On  the  ll-16tfc  day  the  tissue  was  removed,  ground ,  aueper.ded  in  a 
r.utritive  fluid  cr.d  nixed  with  fresh  tissue  on  that  same  dry  or  sfter  beinp 
held  or  ice  r.t  15-20°C  for  some  t’me. 

Pre-'nrf tion  cf  Cultures  of  Actively  Growing  Ti ssues.  Embryo  tissue  of 
mar.  wan  obtained  from  10-14  week  old  embryos  in  the  forn  of  fresh  sterile 
*  craning  of  the  womb  surface.  Nutritive  mediums  cortr.i-iiri  erbryort  1  extract 
and  ronn'l  (cr^lr.rri  ly  placenta])  ser-’ji  of  human  blooJ  were  used.  Good  results 
were  obtained  during  application  of  th '  medium  27  (n)  which,  consisted  of 

smVrtic  fluid  of  blood  (l5%),  Honks  salt  solution  (25"-),  placenta1.  on  der.or 
blood  of  a  mrewn  individual  (20$),  bovine  em.brvoral  extract  (in£)  end  n«nicil?in 
and  streptomycin  respectively  at  *>0  and  10  units  per  1  rr.l  of  redl-m. 

nher.  tV  fibre  bio  sts  had  prown  rro>lp,,  the  pieces  of  tissue  to  r.n  ares,  of 
1  cm  in  dicoeter  tha  cultures  were  transferred  from  the  med',”n  No.  27  to  medium 
No.  /.7(7)  which  consisted  of  amniotic  blood  fluid  (?C*i),  filtero'1  bee*'  arr — 
(15>)  -nd  Hcnks  salt  solution  (15?).  In  this  medium  the  cultures  fr°e  the-'so1ve 
from  the  antibodies  to  the  virus  of  poliomyelitis  which  remain  fr-m  the  Nn.  27 
medium. 

The  order  of  preparation  of  the  cultures  in  the  revolving  test  tubes  srs 
ca  floors:  first  1-?  drops  of  chicken  heosrinized  plasma  war  put  into  the  v’b«=> 
ana  it  was  d immersed  in  c  thin  Isyer  over  the  inside  surface  of  the  bottom  2/3 
of  tV-  * "bes,  then  with  a  pipette  we  added  several  (5-15)  pieces  of  tissue,  pn- 
pocces  of  tissue  were  sc  di-^o—  a°d  tVt  thev  wo—e  at  a  more  or  less  er,,,',i 
'"mom  e~ch  other,  and  then  they  added  1-2  drops  cf  chicV-  e-hryonal  exar-^t,  V- 
the  coagulation  of  the  plasma.  To  insure  an  even  formation  of  the  rlssmo  c’ot 
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the  tubes  were  revolved  approximately  1-2  minutes  until  the  full  coeoni  itdcn 
was  obtained.  They  allowed  the  forming  clots  to  take  form  while  holding  the 
tubes  20-30  minutes  in  a  horizontal  position,  after  which  eech  tube  reced'd 
1-2  ml  of  the  nutritive  fluid  with  pH  7.4-7 .6  (this  was  determined  by  the 
variation  of  the  brightness  of  the  indicator  of  the  phenol  red  during  o«.ss'!'Te 
of  mixtures  of  50£  carbon  dioxide  and  air  through  the  medium);  then  th*  tubes 
were  covered  tightly  with  rubber  stoppers  and  placed  in  an  almost  horizontal 
position  in  special  drums  in  a  thermostatic  room  at  35°C. 

The  apparatuses  with  the  rotating  drums  for  the  cultivation  of  the  tissue 
in  the  tubes  were  prepared  in  the  workshop  of  the  Institute  of  Viro’opy,  p.  r. 
Ivanovski,  AMS,  USSR  according  to  designs  of  r.  P.  Chumakova,  M.  I.  Vorosb* 1 ovr 
and  A,  G.  Kirillova.  The  apparatus  consists  of  a  double  reduction  gear  which 
i3  powered  by  an  electric  phonograph  motor  with  a  constant  number  of  revolutions 
to  which  are  attached  two  drums  with  150  or  70A  tubes  enob. 

The  axis  of  the  drums  are  angled  horizontally  5°  so  that  the  stoppers  of 
the  tubes  would  not  be  moistened  by  the  nutritive  fluid.  The  drums  rotate  =r'T. 
the  axis  constantly  at  10-12  revolutions  per  hour. 

The  nutritive  fluid  in  the  cultures  was  changed  every  2-5  days.  Small  cell 
grow  up  around  the  pieces  of  tissue  by  the  4th  day  forming  a  multicorpVx 
syncytium  which  consisted  of  drown  out,  spindle-shaped  and  star-like  cel's  with 
bright  oval  nuclei  and  a  small  number  of  rounded  roaming  cells  of  various  sizes 
interspersed  among  them.  Along  with  the  splendid  growing  of  the  smell  cel1s,  on 
the  4-5th  day,  there  appeared  sections  of  intervals  around  the  tissue  pieces  a- 
e  result  of  the  opening  of  the  clot  of  the  plasma  to  the  growing  cells  -  socr'.lert 
lysi3  of  the  plasma  which  is  the  greatest  complication  during  this  -i*t>nd  ^f 
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i"'!  tiva  ti  or. 


4  particularly  significant  lysis  w-s  noted  in  cultures  with 


-rowing  epithelial  elements.  The  increasing  rarification  of  the  clot  of  the 
plasma  c •vised  a  slipping  down  of  the  tissue  pieces  from  the  walls  of  the  tubes, 
cor-vession  of  the  zone  of  growth  amount  the  fields  of  lysis  which  hindered  the 
erorth  of  the  fibroblasts.  Therefore,  we  p-ophylacticallv  conducted  additional 
feeding  o'*  the  cultures  until  th"  appearance  of  an  expressed  lysis  on  the  /<-5th 
«*-.y.  th-  +.  is,  additional  layers  of  plasms  in  ->rder  to  renew  the  plrsma  clot.  To 
dc  this  the  nutritive  fluid  was  reeved  from  the  tubes  and  plseo-p  and  embryonal 
extract  were  mired  and  evenly  layered  the  surface  of  the  culture.  20-30 
m'nutes  after  the  formation  of  the  new  clot  the  additionally  fed  cultures  received 
the  nutritive  fluid.  In  those  cultures  with  "retting  epithelial  elements  the 
renewal  of  the.  clot  of  the  plasma  from  kidney,  tongue  and  skin  w s  conducted 
"very  L- 5  days  which  significantly  complicated  work  with  them. 

The  cultures  in  the  revolving  tubes  were  usually  ready  for  infection  with 
virus  on  the  6-7 th  day.  At  this  tine,  having  preliminarily  poured  off  the 
nutritive  fluid,  the  cultures  with  actively  multiplying  cells  received  materia'1 
containing  virus.  The  contact  of  the  virus  and  cells  lasted  10-20  minutes  after 
which  the  nutritive  fluid  was  added  to  the  tubes. 

Te^t  Hes  ’Its 

It  was  possible  to  obtain  a  distinct  multiplication  of  th"  virus  of  polio¬ 
myelitis  type  I  (Strein  KRF)  and  II  (Strain  Lansing)  in  cult’ires  on  Kernel 
vessels  with  brain  and  skin-muscular  tissue  surviving  embryonal  tissue  of  man; 
there  was  a  much  better  multiplication  of  several  strains  of  vi— ty-"s  I,  TT 
and  III  in  cultures  with  growing  skin-musculer  tissue  in  revolving  tubes.  Oe 
cries  of  the  strain  Lansing  was  sustained  by  us  in  a  culture  on  survivin'*  br-in 
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tissue  for  more  th-n  2*  years.  During  this  time  the  virus  went  through  17 
passages  on  the  Ke.rrel  vessels  and  then  was  tr»nsrerred  to  2  culture  in  the 
revolving  tubes.  The  original  dose  of  virus  in  the  process  of  passages  was 
diluted  10  times,  if  we  consider  it  according  to  the  changes  of  the  tissue, 
and  1051  considering  the  changes  of  the  fluid  medium,  which  illustrates 

the  unconditional  multiplication  of  the  virus.  In  similar  series  6-12  oassnres- 
of  the  virus  type  I  and  II  were  conducted. 

Our  tests  indicate  that  in  cultures  with  surviving  tissues  o*  embryo  of 
man  (brain,  skin  and  muscle)  it  is  possible  to  obtain  a  regular  multiplication 
of  the  virus  of  poliomyelitis  and  duratively  sustain  the  virus  outside  ar. 
organism,  but  in  cultures  of  this  type  the  virus  accumulates  in  small  quantities. 
Its  presence  in  the  culture  can  be  judged  only  by  the  results  of  infection  of 
susceptible  animals  and  data  of  histological  studies  of  the  cuts  of  tissue  which 
complicates  identification  of  the  virus  and  makes  it  more  durative. 

A  distinctly  more  advantageous  method  is  the  growing  of  the  virus,  of  vM-- 
myelitis  in  revolving  tubes  with  actively  growing  tissue.  Having  beer.  cultivated 
in  these  cultures  the  virus  causes  characteristic  degenerative  variations  of  the 
cells  which  are  seen  easily  during  inspection  of  the  tubes  with  cu’+ures  unde--  » 
microscope.  The  degenerative  variations  of  the  growing  cells  are  first  indicate- 
in  the  rounding,  swelling  and  accumulation  of  lipoid  and  other  products  of  c.v->.r^p 
in  them.  According  to  the  accumulation  of  the  virus  these  variations  increase 
and  the  cells  are  fully  disrupted  forming  granular  detritus. 

The  degenerative  variations  of  th-  cells  caused  by  all  the  strains  of  virus 
of  poliomyelitis  tested  by  us,  were  morphologically  identical  end  were  expressed 
in  necrosis  of  young  cells.  The  variations  of  the  cells  were  direct  indic-^ors 
of  the  presence  of  an  setive  virus  of  poliomyelitis  in  the  oaHu-os;  in  tho 
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'••esence  o'*  a  honoloqical  typical  inrune  ser’’n  they  'lid  not  multiply. 

The  ability  of  this  virus  to  cause  necrotic  variations  of  the  younp  multi¬ 
plying  cells  and  be  neutralized  by  typical  ’mrune  sernn  was  utilized  by  us  for 
the  isolation  of  new  strains  of  virus  fron  excrement  of  children  eilirn  with 
"olionyel^tis  (stra4”  Alekseev,  Osadchnye)  and  determined  the  type  origin  of 
o  strains  of  virus  or  poliomyelitis.  Thr^e  of  then,  proved  to  be  strains  of 
type  I,  two  -  tyre  II  and  one  strain  (Erem.eev)  ns  yet  has  not  hear,  classified 
because  it  does  not  correspond  to  any  type  of  serum  we  Vave.  This  st-'in 
requires  'dr it" oral  stidy. 

In  cultures  of  embryonal  tissue  of  cotton  rats  and  white  mine  (et-'in 
T'-nsinq  -»nd  No.  113  type  II  and  strain  AE  type  IV)  and  also  in  acetic  n'ra’S"’ 
of  whits  mice  (strain  Lnnsin?  end  Ovchinnikov  type  TI  and  strain  'B  type  If)  it 
w«s  not  possible  to  detect  multiplication  of  the  poliomyelitis  virus. 

Thus,  our  observations  fully  conform  with  1 iteratu-c  data  on  the  posaihil’* 
of  a  quick  isolation  ar.d  typif instion  of  strains  of  virus  of  pol ionyel itis  with, 
the  ^ id  cf  cultures  in  revel vinj  tubes. 

Tho  cultures  of  fibroblasts  at  this  time  are  already  widely  used  in  ou.-  l:v 
for  examinations  of  virus-vectorability. 

CONCM'SIO'iS 

1.  The  multi  pi* cat’ ~r  of  polio-ye1 itis  types  I,  II  -nd  III  viruses  in 
C".l turns  with  surviv’r"  and  rrcrinp  tissues  (brain,  skin  and  muscle)  of  human 
embryo  has  been  established. 

2.  The  virus  of  poliomyelitis,  during  multiplication  if  t* -ru-;  cultures, 
caused  .a  characteristic  necrosis  of  the  cells.  The  c.vtop'tb ’.'"•nic  -»ction  o'* 
th'  vir"s  of  poliomyelitis  was  easily  established  durinq  in? p rct '  "  "nder  a 
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mtcroscopo  of  the  cultures  with  young  growing  cells.  After  the  neutral  Iz-.t/or 
of  the  virus  with  a  typospeoifle  immune  serum  this  effect  di3agpe'"-ed. 

3^  The  possibility  of  typing  the  virus  with  a  reaction  of  neutra1 iy^^’cn 
n  the  tissu  -  culture  v.  s  confirmed  and  determination  of  the  type  of  strains 
of  virus,  isolated  from  excrement  of  ailing  children  in  cultures  in  revolving 
tubes,  was  also  accomplished. 

"'ti  In  tests  of  cultivation  of  the  poliomyelitis  virus  type  II  end  IV 
cultures  of  e~bryor.nl  tissues  of  cotton  rats  and  white  mice  and  also  -'r  the 
acetic  carcinoma  of  white  mice  it  was  impossible  to  establish  multiplication 
of  the  virus. 

The  obtained  results  fully  confirm  the  gr-nt  advantages  o'*  the  method 
of  cultivating  virus  of  ooliomyelitis  on  ^rowing  tissues  in  revolving  tubes, 
allowing  for  the  interchange  in  numerous  studies  of  the  tests  of  ? rim-g  s . 
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Material  and  Methods 


